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Mixed bismuth oxides with layer lattices i
1. The structure type of .Ca.szBi.z o
By BENGT AURIVILLITS

With & figures in the text

In the course of & comprehensive investigation of mixed bismuth oxides,
the system Bi,05— TiO; was studied. At about 40 atomic % of TiOp a phase
with a body-centered pseudo-tetragonal unit cell with ¢ = 3.84 and ¢ = 32.8 &
was found. X-ray analysis (to be published later) seemed to show that the
structure was built up of Bi,03" layers paralell to the basal plane, and sheets
of composition Bi,Ti;0%. The atomic arrangement within the Bi,TigO% sheets
geemed to be the same as in structures of the pero ite type and the structure
could then be described as consisting of BiOf" layers between which double
perowskite layers are inserted. o '
Ap attempb was then made to synthesize compounds where the Bi03* layers
olternate with single perowskite layers. The general formula for guch compounds
wld be expected to be: (MeBi)gRsOs- In actual fact compounds with this
- structure could be prepared with Me: Na K Ca Ba Sr Pb R: Ti Nb Ta.

" Procedure: Weighed amounts of the appropriste oxides or carbonates were
“mixed and heated in platinum. or gold crucibles to about 1000°C. A pummber
. of compounds with the general formula (Bi, Me)gR40yg were prepared. Ouf
of these the following were found to have a body-centered tetragonal or pseudo-
- tetragonal unit cell. The real unit cells, however, appeared to be face-centered-
rthorhombic. - :

. - Psoudo-tetragonal
c . Orthorhombic description degori;:;ogn
omposition _ :
a b ] -6 a 1 c
BigNbTiOg . » » « - 5.405 5.442 25.11 . 3.836 25.11
BigTaTiOg « « + - - 5.402 5.436 25.16 3.832 26.16
CaBigNbyOy « « « «| ° 5.436 5.486 24.87 3.860 24.87
SrBigNbsOg - - - 5.504 5.604 26.05 3.892 265.06
8rBi;Tag0y .+ « - 5.500 . 5.609 95.08 3.8986 25.06
BaBigNbsOg + « - « 5.633 5.583 26.66 3.912 25.66
PbBigNbsgOy . - . - 5.492 5.503 26.53 3.887 25.63
- | KBi;NbyOyg « » - ¢ 5.506 6.508 25.26 3.893 25.26
| NaBigNbOyg - - « - 5.47 547 - 26.94 3.87 26.94
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B. AURIVILLIUS, Mixed bismuth oxides with layer latticus

PbBi;Nb;O, and BigNbTiO, phased.

Single orystals were prepared from the
(pseudo-betmgonal cell) -were taken.

Weissenberg photographs of 0kl and 1%1
In the powder photographs of BigNbTiO, (Table 6a) the reflections 110, 2171:
‘915, 220 and 310 were clearly split up. No cleavage was found for the
reflections 107, 201, and 3 07, (in all cases pseudo-tetragonal indices). From 5%
this it was concluded that the structure might be described by means of%:é
orthorhombic unit cells, having the same ¢ axes &3 the pseudo-tetragonal cells .53
and @ and b axes equal to the diagonsls of the pseudo-tetragonal cells. USingh

orthorhombic units the Weissenberg photographs register hhl and A R+21-
In Table 6a the sin® & of Bi;NbTiO, are calculated on the assumption of ap:

orthorhombic unit cell. -

A few discrepancies occur between the intensities of the spots as found in#
the Weissenberg photographs (first layer) and in the powder photographs, In¥:
the Weissenberg photographs (A, h+2,1), no difference was found between reflec-
tions hkl and khl. From the powder photographs it is seen that 024 might 73
be < 204 and that 311 < 131 and 3111 <13 11. The reason might bei

" the orientation of the powder.
PhBi,Nb,0, phase

The powder photographs of PbBislNbyOs (Table 6b) could be explained as: %
sauming & tetragonal cell with o = 3.887 A and ¢ = 25.63 A, but for two lines
being split up, which indicated an orthorhombic unit cell with axes & = 5.493;7
b—B.503 and ¢ =25.53 A. As in Bi;NDTiO,, it was thus assumed that the

though nothing in the Weissenberg photographs

real symmetry is Da—mmm,
indicated a lower Laue syrametry than Dg—4/mmm. The observed density was

7.91, thus allowing 4 formula unitsfunit cell (deats. = 8.22). )
With the exception of the criterion for face-centering that A%l occuring onl
with A, k, ! all odd or all even, no systematic extinctions were found. This ig %<

ch_a.racteristic of the space groups DE, D} and C¥.

at,

Positions of the metal atoms

i atoms are almost the same, 4o,
ons whether the Pb and the;dusg:

¥

As the scattering factors for the Pb and the B

it makes no difference in the intensity calculaty
Bi atoms occupy S&eparate positions or are mixed at random. Therefore n

difference will be made between Pb and Bi; they will both be denoted by Me.%

The intensities of the reflections seemed to depend mainly on the value of
(see Table 1a). 1t therefore scemed probable that at least the Me and the Nb-
atoms are placed along the lines: (000; 3130; 40%; 03 4) + 00z The sum of?

2 Too; cos 2nlz and Z Tq1; cos 21z will under such conditions represent the
7 l

00z In Fig. 1a these sums are plotted as functions.
for z=0.20 and

Patterson function along
of z. It is seen from the graph that high maxima ocour

z=0.40.
The unit cell of PbBigNbgO, contains 12 Me atoms and 8 Nb atoms. y
If the space groups sare assumed fo be D&, D} or Cf a or b, the only Wa¥-3 3%
of placing 12 Me atoms on the Yines 00z is in one 4-fold and one 8-fold posii'ig
tion. With these assumptions the only 4-fold positions possible are 000 or 00%:
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fake . Table 1a
21}},' Weissenberg Photographs of PbBiyNb,Og. Cu K, radiation
i the )

The crystals form very thin plates, and therefore considerable absorption occurs. Spots
* jn the vicinity of the lines described by Wxrzs (2) will therefore be weakened. The regions
-- of maximum absorption are demoted by dotted lines. In the tables 1, 2 and 3 pseudo-
- tetragonal indices are used, and observed and calculated intensities for the reflections: 0 01,
* 104 112, 204, and 211 are given. With orthorhombic description these reflections would
" pave been denoted by: 001, 02 or 201, 227, 137 or 311 .

I
1 1 ) I, obs. T
1 L oot Ly 201
]
2 18 1.2 vw vw
4 9.0 .34 m m w
8 0.1 8.4 vvw m —_
8 25 14 m~ w w
10 350 340 vst m+ moo.
12 19 0.2 w — -
14 36 100 m* vow W
16 9.8 4.8 vw — —
18 45 31 m w w
20 280 230 st m* m*
23 22 0.04 - — —
24 71 200 m# m mt
T28 27 14 w yvw vw
28 85 26 m” w
i, 30 190 130 m m
| 32 25 8.4 w
Tobs
1 I I .
I 2 107 B P
1 1.7 17 m — :
3 20 8.3 m vvw .
6 380 370 vat gt
7 18 < 0.0 —_ —
9 12 63 Lo w
11 3.2 6.3 — e
18 320 280 st w
17 20 0.2 — — |
_ 19 56 160 mt wt :
sum of o2l 18 7.8 vvw —
23 61 32 " m w
sent the 25 230 170 m+ m
27 24 1.7 — -,
inetions 29 85 250 m*
90 and * 3 48 23 w
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5. AURIVILLIUS, Mized bismuth oxides with loyer lattices

NO. 4215 -

Table 1b
Weissenberg Photographs of PbBigNbyO,
Zero layer Firat layer
001 ¢ I, 211 I T e,
4 11 m 32 1 1.7 —
] 14 vvw 1.4 3 18 VW
8 28 m 14 & 330 at
10 360 vst 360 7 18 —
12 45 w 11 9 23 w
14 50 m# 88 11 4.8 —_
16 6.3 yw 5.8 13 28 o
18 70 Jm 38 15 300 w
20 280 st 230 17 18 —
22 26 — 0.4 19 42 w+
24 58 m+ 260 21 14 —_—
26 21 w - 10 23 66 wt
28 85 m~ 21 25 210 m
30 240 m 120 | o7 23 _
32 17 w 68 |
101 I, Tone. I; 113 I
1 1.0 m 8.4 2 18 vw
3 14 m 4.0 4 9.0 m
b 320 vst 340 8 0.1 m
7 16 — 0.5 8 25 w
] 24 m 87 10 350 .m*
11 8.3 — 2.0 12 19 —_
13 24 w 24 14 36 VW
15 310 st 280 - 18 9.6 —
17 13 —_ 0.5 18 45 w
19 42 mt+ . 160 20 280 m+
21 14 vw 7.8 22 22 —
23 64 m 38 24 71 m
26 210 m 170 26 27 vvw
27 23 — 2.9 28 86 w
29 81 m* 220 30 180 m
31 32 w 24 :
201 I Toms. Ig
|
2 12 vw 14 i
n 10 w 36 |
6 0.5 —_ 48
! 8 31 w 14 :
10 30 | m | 350 3
12 41 = 7.8 %
14 50 w 88
16 6.3 — 6.3 E
18 69 w 40 ot
20 280 m* 280
22 26 — 0.4 =3
24 69 mt 240 H k=
26 20 vw 1| ]
28 85 w 21 i <3
466 $
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Figure 1a. Pattarson function of Pbv;BiyNbsO, along 00z
Full curve: Z Ty0; co8 2nlz
l

Dotted curve: I,,; cos 2nlz (orthorhombic indices).
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Figure 1b, Patterson function of BisNbTiO, along 002

Of 8-fold positions only * 00z is possible.

It was assumed arbitrarily that 4 Me occupy the position 000.

i Using the distances found with the aid of the Patterson function, two pos-
- gibilities for placing the Nb atoms arose:

1. 8 Nb in + 00 0.20 4 Me in 000
2. 8 Nb in + 00 0.40 4 Me in 000

8 Me in + 00 0.40
8 Me in + 00 0.20

- The two curves on the graph were added and the areas under the peaks at
. 020 and 0.40 calculated. The ratio 1.5:1 was found for 0.20/0.40. ‘
" In case 1, the ratio was calculated to be 0.91:1 and in case 2, 1.1:1 if

. directly with the observed ratio 1.5:1 since the zero level in figure 1 is of
. cowrse uncertain, Case 2 agrees slightly better insofar as the peak at 0.20 is
actually higher. It seemed, however, that the. uncertainty in determining the

,._.,;'.-‘ . :lteas was 80 large that case 1 could not be excluded by these measurements
4 alone.

467

" the ratio fuy/fes Was assumed to be 0.46.. These figures cannot be compared

P. 6/19

b
l:.
3o
£,
x

I

CTERERIE
'

b



. FEB. 20,2005 10:4300 Meil (@IPONTECTE 1NFO EAPRESS @ "¢t /19

B. AURIVILLIOS, Mixed bismuth oxides with layer Lattices

Case 1 . at

In calculating the structure am litudes zw Was varied around 0.20 and zm;-{j gb

around 0.40. The average ratio frolfee WaS assumed to be 0.46. The intensities ;> 8t

were compared with calculated values of A%: B

A =10 (cos 2 7lo, + 0.46 cos 27lzwm + 0.5) = 10 F/4 fu,. In this way the oi¥
best values for the parameters were found to be: iy
oe = 0.397 1 0.002 and zw = 0.192 £ 0.004. In Table la Jcaw. 18 compaxed\;[f_.
with the observed intensities. i)
Case 2 3
2y Was varied aboub 0.40 and zy, around 0.20. The best values were found 1
‘40 be zwm = 0.412 1 0.004 and 7y, = 0.202 + 0.002. |
The observed and calculated values are compared in Table la. e

It was found that arrangement 2 accounted slightly better for the exper- . or
mental dsta than 1. It must, however, be borne in mind that the intensity ¥
ratios of weak spots might be changed through the influence of the oxygen -3

atoms and that this influence was neglected in the calculations. The differences 7§ B¢

did not seem to be as large as to allow a decision between 1 and 2. It was 74 ¢

therefore tried to find possible oxygen positions both for 1 and 2. The results *§ ¥~

were then compared. 5 the

or

Case 1. Positions of the oxygen atoms H wit

. . 0

The positions of the metal atoms were assumed to be: (000; 03 4; 30%; “i

$30) + 000 (4 Me) +00 0397 (8 Me;) L 00 0.192 (8 Nb). Since all point :
positions of Dz can be described by positions of Dj or (% 4, only D} and CEa i are

3
&
2

i have been considered. 1 fro
E At first only Di will be discussed. If the interatomic distances 0-0, Me-0 1
i and Nb-O should not be emaller than 2.5, 2.2 and 1.8 A. oxygen atoms could " anc
i only be situated in the following positions: 4 Th
Wiy .:: 2
T 4(b) 003 L33 4@ 2t 8() 002 1

K 8(h) 11z 1312 0.086 <2< 0.122 1 6/
b 0.039 < |4 <0061 0262=2=<03l1 =

T 0.148 < || < 0.201

8(i) tvk ti-vi 8(j) z1h ¥—=tt

L y=0 ' z=0

w | g + ]
An attempt was made to find positions for the oxygen atoms giving ap- 1

proximately regular octahedra around Nb, since from known structures
containing Nb®+ and 0>~ this seemed to bé the normal configuration Nbs+— 0%
AR The maximum distance of contact Nb—O was assumed to be 2.5 A.
o With these sssumptions 8({g) and 8 () sre the only positions where 0Xygen
PR atoms in contact with Nb can be situated.

With oxygen atoms in three 8-fold positions 8 (h) the distances 0—0 would
be too short. It then only remains to consider the case of oxygen atoms
in two 8-fold positions 8(g) and two 8 fold positions 8 (h). TFor the oxygen
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120 and z,”
1e intensities:

: the experi- 5%
the intensity
. the oxygen:

d 2. It was'i}
The results 534

"l"';' 0 -
PR R

:

01k 10K

ace all point .3
jand Cpa

0-0, Me-0

_atoms could i3

3

o

HANET BT o

8 giving ap-
wn structures "
| Nbs+—02%~, '
A

vhere oxygen

0-0 would_j-__'
yxygen atoms =
r the oxygen -]

4~ . suming
r .8 05 m S(Il) Z5 =—0.168.
¥ sdmitted for the remaining 4 O there is room only in the position 003 (O4).

NO. 4215 P. 8/19
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in contact with Nb, reasonable interatomic distances were obtained as-
.'8.0, in 8(g) 7 = 0.100 8 O, in 8(g) 75 =0.264 8 O in 8(A) 2,=0.168
Even if smsall adjustments of these parameters are

stors

With these assumptions the distances would be:

Me,—4 0, =2.75 Me, —4 0,2.75 Nb— 0,=234

Me—2 O —255  Me;~2 04256 ~ Nb—20, =204
: : Meg—2 05 2.65 Nb— 05 =2.04

04—4 05 =2.74 Nb— 03 = 1-84

03“2 04 = 2.60

03—2 05 = 2.60

0,2 0, =255

It is seen that the positions given might equally well be described by D
or if the pseudo-tetragonal unit cell (@ =3.89 ¢ =25.53 4) is chosen by Di.

As a ~ b and the positions of the oxygen atoms must be chosen from space considerations,
the discussion will be the same for Ci5, as for 2, For 32, it is found that the oxygen
stoms can be only in the planes y =0 y=026 % 0.03 y =14 and y = 0.76 + 0.03. For
y =0 or }, z must either be 0 or } or lie between the limits 0.049 < |¢] < 0451, otherwise
the distance 0—O will be <25 A. Fory=1% or $, z must have the values O, §, lord
or lie between the limita  0.049 < k| <0201  0.200 <lo| <0451,

In figure 2a sections of the unit cell are made for y =0 and y = 2. Poasible regions
with space group C3 . are denoted in the figure by shaded areas. For these areas the distanoes
0—0= 2.5 . Me—O = 2.2 and Nb—0 =18 A.

With space group (28, it thus seems that no basically new atomic positions
are obtained, although this symmetry allows the atoms to be slightly shifted
from the positions of Di. : '

In Table 1 the intensities have been calculated from the parameters found
and compared with the observed ones. (The cale. intensities are denoted by I1).
The mode of calculation is shown by the calculation of Ige;. I= A%

A=10 (0.6 + cos 2mlzn + (Frvnffute) €08 2 76l 2890 + (fo/fue) (0.5 + cos2mlzy+
+ cos 2 wlzy + 2 cos 2 mlz,). Since the ratios fw/fme and fo/fme VBIY with sin
0/A they were interpolated from values given in the Infernational Tables (1).

Case 2. Positions of the oxygen atoms

The positions of the metal atoms were assumed to be: (000; $30; 04%; $03) +

4+ 000 (4Me,) + 00 0.202 (8 Me,) + 00 0.412 (8 Nb).
With D] the following positions are available for the oxygen atoms 4 (b) 004
8(g) £ 002 8(h) 11z tti—2
0.086 <z < 0.116 0.039 <= lzl < 0.161
0.288 < z < 0.342
t(c) i1t 4(d)iti 16 (k) zy2, 292, Y&, TyZ
z=0 z=026% 0.03
y=102 103 or y=0 ,
z ~ 0.135. :
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B. AMUUS, Mixed bismuth oxides with layer lattices
V-
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Figure 2 a (see Case 1 in the text.)

The projection of the positions of the Nb, Me; aud Me, stoma on the planes y=0 o 2R
y = } are denoted by: black circles, white circles and double circles respectively, %3

Yo L Y- 0
B v A= A
A 1d
A P AR

Figure 2b (see Case 2 in the text.)

Tt was found that oxygen atoms in the positions 4(c), 4 (d) or 16 (k) could ;xieR: The inter
not be part of an octahedron around Nb. With O in the remaining positions ,1:“‘;}‘ 5
~4(b), 8(¢) and 8 (), octabedra around Nb might be achieved in the followingsis
ways: (1.8 < Nb—O = 2.B). s o
With oxygen atoms in three 8-fold positions 8 (4), it seemed impossible to 1E%% -

find positions for the remaining 12 oxygen atoms giving 0—0 distances < 2,5 A._;: 3 A 4 Nb
With two 8-fold positions 8 (h) + 4 (b) + one 8-fold position 8 (9) the following ;2342 8 Bi"
positions were assumed for oxygen atoms in contact with Nb: S 8 Bil
4 0, in 4 (b) 8 0, in 8(g) z=0.324 q,
8 O; in 8(h) z=10.088 8 04 in 8(h) z=—0.088.
For the remaining 8 oxygen atoms there was only room in the positions 4 (c)-
and 4(@). (O Og)- - . " The aress
With the above assumptions the distances would be: t> ond the Ia
Me,—4 0; =275  Me,—2 Og=2.29 Nb— O, =224 ¢ and O -
Mel“"4 Os = 2.96 Meg—z 03 = 2.29 Nb-2 03 =1.94 - the observe :
Mel_-4 0,=2.96 Me, —4 Oy = 2.82 Nb—~2 O, =1.94 " were consid
Nb— 0p=2.24 fus/faum, frm,
Op—4 0g=2786  0,—2 0;=270  0y;—2 Oy =2.96 "7 - caloulated ¢
O,—4 0,=275  0,—2 0;=2.70  0,—2 0,=296 w5 these calcul
0,—4 0, =296 4. agreement °
01 '_4: 04 = 2.96

The above positions might be equally well described by D& or if & pseudo-
tetragonal unit cell is assumed (@ = 3.89 ¢ = 25.53) by Di..
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~";m Figure 2b seotions ate made of the unit cell for y = O and y = } showing the posi-
4%, 1s possible for the. oxygen atoms if the space group Ciyq is assumed. Possible regions 2
i denoted by shaded areas. It was found that only with oxygen atoms situated near the
S ssitions given above, could ootahedra of O around all Nb atoms and ressonable distances by

%40 be attained.

st e 1

; Thus no new arrangements were found when space group Ci. was assumed.
78 [p Table 1 the intensities are calculated from the parameters given above.

“§%The calculated intensities are denoted by In. The mode of calculation is the
Y5kirime as was used in case 1. It is seen from the Table that both 1 and 2,

Tp which cases the influence of the oxygen atoms was neglected, account fairly
e ell for the experimental data. From this follows that the calculated intensities

Sy and Is, where regard was taken to the O atoms, do pot differ much either.

g a.

&

. oM S T .

o o RN o PR
e B M

s s

2rilthough the ratio 211:213 (see Table 1 (pseudo-tetragonal indices)) is best P
“M<gescribed by 1', 2° on the whole seemed to satisfy the observed intensities best
(e for instance the intensity ratios 112:114 116:118 202:204 101:103 and o

; 107:109). No definite conclusions: could however be drawn from the study of 1(5
32 PbBi,NbO, alone. : il

4 1..
Bi,NbTiO, g(;

T TR
e

pisar
roem

* Just as for PbBi;NbyO,, there was nothing in the Weissenberg photographs
to indicate a -lower Laue symmetry than Dy—4/mmm. From the powder photo-

graphs (Table 6a) it is however seen that the actual unit cell is orthorhombic

avta s
gty
Pt

ol B ith sxes 6 =540 b=b4k2 o=2114. %
t? d-; The intensities of the spots in the Weissenberg photographs indicate that & -
:,gg; the metal atoms are probably placed on the lines 00z. The Patterson function i

(Fig. 1b) showed high maxima at 0.20 and 0.40. If the same assumptions

e
St

tgﬁ':..:',:. JRTPEPRT ;

le to3 are made as for PbBi,Nb,O, the following arrangements seemed to be possible :-
5 A:2 A. 4 Nb in 000 B. 4 Ti in 000 0, 4 Biin 000 - :
wing - 8 BiTiin £ 002 8 BiNb in + 002 8 NbTi in + 002z, $
= 8 BiTi in+ 002, 8 BiNb in 3 00z 8 Biin + 002, i
- Cy 4 Biin 000 - . e
§ 8 NbTi in + 002, z ~ 0.20 29 ~ 0.40 iy
4 (cy 8 Biin 002 |
S - =h
- The areas under the peaks at 0.20 and 0.40 were calculated as for PbLBiyNbyO,y ;‘,
and the ratio 0.20/0.40 was found to be 14. The calculated ratios for A, B, e
‘¢; and Cy were 1.0, 1.0, 0.84 and 1.2. The area ratio for g agreed best with _ ﬂl“»
the observed one. The differences are however small, so that all alternatives iy
were considered. The intensities were calculated as for PbBigNb;Og. The ratios i
fe/fonww, frofferrs 8nd from/fer Wwere assumed to be 0.26, 0.57 and 0.34. The o
- calonlated and observed intensities for A and B are compared in Table 2. In ' §t"
"these calculations the influence of the oxygen atoms was neglected. The best i

£ . sgreement was found for

2 2 ' .
A 0.198 0.400

sudo- s
B 0.196 0.400 ' "
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B. AURIVILLIUS, Mixed bismut oxides with layer lattices

Table 2
Weissenberg photographs of BigNbTi0,.

s e

Iobs.
1 I, In Ig01 1,14 Lo
!
4 73 29 m st m
6 2.3 . b3 w st m
i 8 7.3 22 m w m
10 510 440 st | st o go......Bt
12 1.4 2.6 w - vw o
14 15 52 m+ vw w
16 0.2 ' 0.0 w vw —
18 11 © 80 { m+ w vw
20 500 400 st st m+
22 0.1 T 0.4 — - —
24 27 04 m m m
26 0.5 2.0 w m m
28 14 31 m mt m+
30 490 350 m m*
! 1, Ip Lo To11
. 1 4.4 12 st ¥
3 5.8 17 m vw
5 520 450 ! st vst
Vi 2.6 6.3 — —_—
9 1 35 . m
11 0.8 1.4 W W
13 9.0 27 vw v
16 510 420 st w
17 0.6 0.3 — —
19 20 70 w w
21 0.0 0.5 w w
23 12 31 m m
25 T 500 380 m* m*
27 0.0 3.2 - -
29 34 120 m
31 1.4 4.4 m

From Table 2 it is seen that A and B account quite well for the observed -
intensities. ° -

With A and B, Bi and Ti or Bi and Nb would occupy the same point”
position. This seemed @ priori unlikely and if it was assumed that BigNbTi0,.
and PbBi,Nb,0, were built up in the same way, arrangements A and B would:
_ imply that Pb, Bi and Nb were distributed over ome point position, in 4 o
PbBigNbyOp. Therefore, slthough arrangements A and B cannot be excluded 3 .
. "from intensity discussions alone, they seem very improbable and will not be i
dealt with in the following.

e
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Figure 3.
S One half of the pseudo-tetragonal nit cell of BisNDTiO, (irom £=0.25 to z==0.75). A de-
3% .. notes the perowskitio layer BiNbTIOI, C BiaOy layers and B the unit cell of & hypothetical
) perowskite stracture BiNbo.6Ti0.50s- .

Case ()

. The following positions were sssumed: & Bi in 000, 8 Bi in % 00 0.396,
-8 NbTi in + 00 0.192. By the same arguments as nsed for PbBiNbgOy the
N following positions were arrived at:

4 0,in 00} 8 Qg in ¥ 00 0.092 8 Qg in + 00 0.268
8 O,in 212 +18—2 z =10.164
8 Opin 342; 2432 z = —0.164.

sserved .** ‘3;: In Table 3 the intensities are calculated from these parameters.

Case C; _
4 Biin 000, 8 Biin+ 00 0.200 and 8 NbTi in * 00 0.412 were assumed.

igﬁx’d;ﬁ In case 2 (see PbBi,Nb,Op) the parameters for the oxygen atoms would be
ot be w4 0p In 00}, 8 Oy in *+ 00 0324, 4 O;in 334,
; 409in}}&,804ini-iz; 11—~ z = 0.088
8§ O, in $42 1ti—2 z =—0.0838
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. AURIVILLIUS, Mixed bismuth oxides with layer lattices

e Table 3
A . ' Weissenberg photographs of BigNbTiO,
) Zero layer H First layer
: 00! Tos S S I | i I | Tom
4 13 m 36 | 3 2.6 m+
6 0.5 w 10 5 35 vw
8 43 m 16 7 290 vst
10 310 st 330 K 19 —
i 12 46 w -12 11 27 m
14 38 m* 59 . 36 w
16 2‘6 w 29 13 52 -...--..-u-w;-_- .....
18 100 mt 48 15 270 w
20 240 st 240 17 6.8 —
22 12 — 0.5 19 46 w
24 42 m 140 21 14 w
26 29 w 42 23t 110 m
28 100 m . 36 26 200 m+
30 190 m 150
L 101 Igs ) g Tg, 111 Iy L
]
ey 1 . 2.0 st 17 2 34 vvw
i 3 29 m B3 i 4 2.9 st
5 | 270 vst - 300 6 6.8 st
. 7 17 — 1.2 8 82 w
< 9 29 m 56 10 860 1 . 8.
- 11 5.8 w 15 P12 14 —
13 | 49 vw 28 i 14 29 ww
: 18 270 st 270 18 10 vw
17 5.3 - 0.6 18 64 w
19 44 w 92 20 250 ! st
21 16 w 38 22 21 —
23 ! 110 m 48 24 68 m
E 25 200 " m¢t 200 26 32 m
217 44 —_ 1.2 28 130 m*
20 65 m 110 30 1860 m+
i 31 41 m 76 i
N 201 Ic,1 Tobs Ig,
2 18 vw 2.9
; 4 12 m* 37
] 0.1 m 16
8 48 m 17
10 300 st 320 -
' 12 33 vw 5.8 N
4 37 w 58
' 16 2.8 — 3
18 100 vw 45
20 240 m* 240 :
922 12 _— 0.6
24 42 m 140
28 29 m 45
28 100 m+ 35
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- In Table 3 the intensities are calculated with these assumptions.. It is seen
Yom the Table that with Ci the order of the reflections 101:103, 211:213,
§03 : 204 and 107:109 are reversed. The same result was obtained if the in-
ot -.’ﬂﬁence of the oxygen atoms was neglected. If zp; and 2w were varied around
{74,396 and 0.192 so as to give correct ratios for some of these reflections, large
; ;screpancies occurred for other reflections. With Cz the intensities turned out
[ bhe of the right order. There are however a few discrepancies. 00 20 is
$ertainly stronger than 0018 and 00 30 > 0028, but the calculated ratios seem
824, be too large. On the whole the agreement is however good.
8% Thus if the X ray dsta for only one of PbBi,Nb;Oy or BigNbTiO, were .
= Jonsidered, different atomic arrangements appeared to be possible, whereas only
3’ seems to explain the observed data both for PbBi;NbsO, and BigNbTiO,.
e With orthorhombic description the positions will be: :
FE4 : 'ﬂ»i“hpg'—mm

P (000; 0%4; 30%; $30) +

4 Bi; (Me,)in 4 (s) 000

8 Biy (Mey) in 8 (s) + 00 0.200 (0.202)

8 NbTi (Nb) in 8 (3) + 00 0.412 (0.412)

4 0, in 4 (b)) 003

8 O, in 8 (s) 00 0.324 (0.324)

8 0y in 8 (f) 1% 13i

16 Oq4 in 16 (§) 312 112 t3=% 142
z = 0.088.

' With pseudo-tetragonal description the positions will be:

310 D1 4/mmm
1.0 - (000; £33) +
76

92 Bi, (Me,) in 2 (@) 000
4 Bi, (Me,)in 4 (¢) + 00 0.200 (0.202)
4 NbTi (Nb) in 4 (¢) + 00 0.412 (0.412)

2 0, in 2 (b)) 00}
4 0, in 4 (¢) * 00 0.324 (0.324)
4 O, in 4 (d) 033} §0%
‘80, in 8'(g) £ (0% 402) z=0.088.
Table 4

Values of the tolerance factor, ¢, for different compounds having the
' CaBiszQOQ structure.

——

Compound | t. 100
BigNbTiOp . . « « « 81
BiyTaTiOy . . . . . . 91
CaBigNbgOg . . . . . . 01
SrBigNbgOy . . . . . . 99
S8cBigTagOy . - . . . . 99
BaBigNbeOy . . . . . . 106
PbBigNbgOy . . . . . . 101
NaBigNb Oz . . . . . 91
EBigNbgOyg . « « ¢« « 97
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5. AURIVILLLUS, Mixed bismuth ozides with layer lattices

. Table 6

Powder photographs of CaBisNbyOy and SrBi,NbyOp. Cr K radiation,
tetragonsl indices. - :

CaBi,Nb,0,
Akl I, I, .
006 — 8.4 0.8 0.01
008 ‘m 81 9.6 0.8
114400 10 (m) 230 230 230
00 12 — 0.5 19 47
00 14 vw 29 46 56
00 16 vw 2.8 Y 4.0
00 18 w . 100 34 13
101 — 1.2 0.6 2.9
108 st 36 14 1.4
105 vst 200 200 200
107 w 21 0.3 7.8
109 vvw 18 82 43
TN10 11 — 7.0 0.2 0.5 -
.10 13 m+ 79 19 4.4
2010410 15 (st) 160 160 160
2111410 17 () 22 02 90
112 — 28 0.04 4.8
00104114 (m) 44 14 22
116 w 4d 17 26
118 m 69 - 13 1.7 —
204+11 10 (st) 200 200 200
11 12 — 22 0.1 8.4
11 14 w 4 61 72
202 w 27 0.1 4.4
11104204 (8t) 3.6 13 20
208 w 3.2 004 14
2154208 (&%) 69 9.0 0.5
1015420 10 (st) 220 220 220 —
20 12 - vw 1.4 15 4
211 - 0.1 2.3 6.3
213 38 2.0 1.0
2084216 (st) 210 210 210
. 217 — 21 0.3 7.8 {  One half
219 vvw 18 33 43 o tioned in
1017421 11 (w) 44 0.01 14 .3 determine
: 1 00 0.202.
SrBi,NbO, - : 4 % Sr, %a
< 15Nb
0086 — 8.2 0.1 0.2 % do not At
008 v 45 11 2.6 > M
114400 10 (m) 260 260 260 2 valid for t!
00 12 — 0.8 16 35 -4 Ca, 8r, Ba
00 14 m 42 . B8 84
00 16 — 0.3 14 44 . ‘ﬁ a Only 1
00 18 w 83 35 18 ] B Rando
00 20 s 150 160 160 4 "~y Only 1
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. tioned in the discussion on
* determine how Pb and Bi are

Ca, Sr, Ba

a Only Bi in 00 202
B Random distribution
y Only Bi in 000.

PbBigNbsOs,
distributed over
- 00 0.202. It therefore seemed of interest to try %o determine the positions of
&nd K in the‘ compounds CaBiszgOQ,

hkl Iope I, I I,
101 _ 0.0 2.0 4.0
103 vw 24 2.0 0.1
105 st 230 240 230
107 — 12 0.01 3.6
109 w 28 42 49
10 11 — 2.3 0.01 0.8
10 13 m 61 20 8.4
2010+10 16 (st) 190 200 200
00 20+220+10 17 (m) 13 0.01 4.0
10 19 m 88 110 120
112 — 16 0.3 1.7
0010+114 (m) 10 20 28
116 W 10 22 29
118 ° w 52 14 44
11 10. st 230 240 230
11 12 — 13 " 0.0 3.6
11 14 w 66 74 81
11 18 — 0.1 40 8.4
11 18 m 40 10 2.3
202 _ 17 0.4 1.4
204 — 9.0 19 24
2086 — 0.6 0.6 23
f1114+208 (%) 43 10 2.3
1015+20 10 (st) 250 260 250
F2113+20 12 (vw) 0.01 12 29
20 14 w 42 68 84
20 18 - 0.2 1.7 4.8
211 w 0.6 4.8 7.8
213 w 26 2.6 - 001
216 gt 240 240 240
217 — 12 0.01 3.8
219 vw 27 42 49
21 11 — 12 0.4 2.0
21 13 m 59 19 7.8
2010421 15 (st) 190 190 190
One half of the peeudo-tetragonal unit cell is pictured in figure 3. As men-

it was impossible in this phase to

. As the cell dimensions of the Pb, Ca, 8r,
1 do not differ much it was assumed that the paramefers of PbBigNb,0, are also
- valid for the other compounds. There were three extreme ways of distri i
Ca, Sr, Ba and K over the positions 000 and

the point

positions 000 and

SrBi;NbgOs, BaBisNbsOp and

Ba

00 0.202:

and K compoun
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B. AURIVILIIUS, Mixed bismuth oxides with layer lattices

. Table 6 a _
Powder photographs of BighNbTiO,. Cr K radiation.

" Orthorhombic indices,

hkl 10* sin® O gy [10°8in® Ogps. | Tobe. | BE? 104 sin® fq)p_ | 10 sin® fons. | Tgpg
] —
111 1 ool4 0909 m ||. 02 14 5856 5874
113 1080 1072 wt| 20 14 6878 m -
008 1333 1319 wt — —_ 5990 —_—
118 1414 1418 vst f| 189 6128 81290
020 1774 1767 m+| 319 8172 8175
200 1796 1790 m — — 8260  |wvw
00 10 2083 2078 m || 22 12 8560 8673  |vvw
204 2129 00 18 6747 6747 w
8119 2136} 2131 v I 13 11 6961 6961
— — 2324 vww || 040 7007
026 26524 2530 m 02 16 7106 7007
206 2546 2546 m || 2018 7121
119 2580 2586 m || 042 7180 7182 .
— — 2739 — 400 7185
028 3107 f240 7357
208 . 3129 3129 w |lfa20 7420 7388
11 11 3413 3415 w || 044 7430
— S 3593 w || 22 14 7652 7648
.| 220 3670 3578 st || 046 78417 7836 vw
222 3653} 2648 v | 40 6 7936
f11 13 3654 13 138 7960 8005
02 10 3857 31 13 8004
3860 st § 881 8054
20 10 3879 :
00 14 4082 00 20 8330 8330
4089 w1118 8411
$135 4103 8409
— — 4936 vw 048 8430 .
2286 4320 4324 w || 2018 8543} 8568
‘11 13 4412 4414 w || 336 8554
131 4462 4454 w || 240 8887 2888
311 4506 4504 - vw Zgol 6 3323
11 15 4621
4 133 4898 4623 w 242 8970 8963
313 4672 i 13 16 9127 9105
g22 10 4679 4676 w I 3116 0171 9156
298 4903 4896 w 04 10 9180 9189
136 4962 4956 st f| 40 10 9268 99264
316 5006 5008 st || 424 gggg
11 15 5679 5581 e ;gg P 8712 w
i 22 10 5653 5652 st |

The intensities were mlcﬂated for

Tt was found that in no case did y explain

Sr, Ba and K compounds the observed intensities did nob permit any decision
between o and f. For CaBisNbyO,, however, only o seemed to give correct

intensities. It was therefore concluded that the compounds discussed have the .

a arrangement.

478

theso possibilities by caloulations similar .
+to those for PbBi;NbyO,, and compared with the observed ones. See Table 5.-
the observed intensities. ¥or the "

PO SN

109
8200
00 12
118
10 11
200
11 10
00 14
10 13
211
208
216

10 16
20 10

The struc

3 BiNbTiOT )
* gkite struct

view was ¢
was observe

* would allow
- ¢ is calculat
" between the

{see Table
to be stable

t was calcunl

In the calo

fonic radii we
K* 1.33, NbS+
distributed ove

4t
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. Table 65 “

Powder photographs of PbBipgNbyQp. Cr K radiation.

Pséudo-tetragonal indices. E4

= - . 5

10%6in® 6y, | 10°8in® Ogps, | Yops, | BRI | 10*sin’ fogy | 10*sin® Ogpg | Lobs, &

0889 o8e2 - | ww || 11 14| 5682 5699 m i

10560 1052 vow || 219 6974 5990 m Y

1288 - 1285 vvw 00 18 6520 6529 w !

1372 1371 vat ! 00 20 6663} 6864 b

1738 1763 m i 10 17 6685 e ¥

2012 2019 m i 1116 6889 $

2060} 2068 B305 6903} 6024 m ?;‘:

VVW b

2089 220 6950 6934} m S

2482 2469 | m !: 6976 m o,

2499 2499 m™F 20 14 7419 7436 m b

2871 21 13 T744 7749 m i

2893} 2881 m | 301 7839 7848 vw

3026 3028 w 00 20 8049 8052 m i

3304 3300 f—— 10 19 8133 8131 m+ Et

3475 3476 : st || 228 8238} 8268 ow t

.3'750 . 87865 st 11 18 8268 &

3944 3046 wt 306 8332 8339 mt 32l

4260 4270 wil 310 8688 86"3} ol 5

4364 4366 vvw 8690 m* =l

4763 4170 - 21 16 8872 8874 st b

4847 4850 % I 22 10) 8962 &

5307 Ea16 =1 314 | 9010 8980 m k

A 5493 o [ 309 i 0448 9460 vvw d*;

W

. 18

" The structure of BiyNbTiO, i8 thus built up of BiyO}* layers between which i

5 BiNbTiO? layers are inserted. The structure may be looked upon as & perow- ,f

- gkite structure where perowskite layers are separated by Biy03* layers. This i

_view was supported by the fact that in all cases where the above structure b

was observed the radii of the jons in the layers lying between the Bi,03* layers 3

vz: * would allow for the formation of a perowskite structure. If the tolerance factor i
m ¢ is caloulated from the ionic radii of the elementa constituting the layers Er
o between the Biy03* layers, it is found to lie between the limits 0.9 and 1.1 H
‘{see Table 4), the same limits within which perowskite structures are found i

w “to be stable. i
i

. ¢ was caloulated fram the formula: 1.06 (Ra + Ro) = 0.95 ¢ V2 (Bs + Ro). (Ses (3)) “1
imilar A= (K + Bi)[2 Ca, 1, Ba etc. 5
'bletli; B = (Nb + Ti)/2 (Ta + Ti)/2 Nb. Ta. 3
xx W
seision In the ocaloulstions case a was sssumed. ¥or calcalating ¢ the following values for the ?‘*
worrect 5. lonic radii were used: B3t 1.00, Ba2t 1.30, 821 1.20, Cat 1.02, Ph2T 1.26, Na* 0.97, w
7e the \ K* 1,33, NbS* 0.69, TaS* 0.69, Ti** 0.66 and 0%~ 1.38. If, for instance, 1 K +1 Bi are %

- distributed over one 2-fold position the radius of (K, Bi) was taken as (rg + r81)/2. -5

41t : 479 b
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B. AURIVILLIUS, Mixed bismuth oxides with layer lattices

The structure proposed “for CaBigNbyOy reminds one of . the structire o;“i =
beyerite - CaBizQs(COs): described by LAGERCRANTZ and SmifN (4). The uﬁ{"’

cell of beyerite is body-centered tetragonal with a = 3.767 and ¢ =21.690 A. Thgza 3
iy

positions of the Ca and the Bi atomsin beyerite are Ca 000 and Bi+00 0)¢%
(space group Dii). as compared with a = 3.860 ¢ = 24.87, Ca in 000 and Ry
in £ 00 0.20 for CaBipNby 0.

The “‘rotating” COJ groups in beyerite correspond to octahedral sheeg.:-
Nb,Of in CaBi;NbsO,. Following the notations given by LAGERCRANTZ and.
Srivéw (4) the structure described above might also be denoted by Xj;.

SUMMARY

A geries of tetragomal or pseudo-tetra.gona.l phases of general composition”
(Bi, Me)gR4Oy5 have been investigated. Kt

Me: Na, K, Ca, Sr,’ Ba, Pb. - I
RZ Nb, Ta., Tl - ; . in t
The positions of the Me and R atoms were determined from the observed -forx
intensities and the positions of the O atoms were deduced from space:con- N
giderations. : iy
The following structure is proposed.: - has
DE—F mmm - alco.
(000; 0% 4; 103 % 3140} + with
4Bi in 4 (a) 000 Little
8§ Bi in 8 (s + 00 0.200 wabe
3 NbTiin 8 (i) t 00 0412 i tinu
40 in 4 () 003 :
8 0 m 8 (3) £00 0.324 :  lmov
80 in8() tib 111 g ot
60 inl6 () iz 135 1is 142 2=008. _ 23 Ano
Feom intensity. caloulations it was found that Ca in CaBi;NbsOy and §r, Ba: Y oV
and K in the corresponding compounds are probably gituated in the position 18 ;‘
00 0. The proposed structure is built up of Bi;03* layers alternating with single - wabt
perowskite layers. The resemblance to the structure of beyerite is pointed out. - g‘i
I wish to thank Professor L: G. SmifN for valushle disoussions concernizg 7 I
this work. caI]);l
Stockholms Hogskola, Institute of Inorganic and Physical Chemistry, June 4 .0
1949. ) "4 bens
4 T
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